Introduction
the use of Tribulus terrestris l. (puncturevine) as a medicinal herb has increased in recent years. the high quality of the steroidal saponins and flavonoids (3) obtained from this species are preferred for export to other european countries. in the modern medical practice the preparations and the dietary supplements containing extracts of T. terrestris are being increasingly used: for sexual impotence, edema, anorexia, skin diseases, vermifuge, rheumatoid arthritis and others. (1, 4, 13, 21) . in recent years T. terrestris has been the subject of research of Fukuda (in Japan) (7, 8) , Malode (india) (10), Sheahan (18) , Watson (23) . the anatomical adaptation of the plant is discussed by nikolova and Vassilev (15) .
T. terrestris (therophyte, c4 type of photosynthesis) is an annual plant from the Zygophyllaceae family, with creeping stems branching from the base. the root system is well developed with a ligneous root, so that the plants are able to draw water from deeper soil layers (9) . the leaves are pinnate compound, located opposite to one another. The flowers are regular, hermaphrodite, single. in Bulgaria the species is represented by two varieties-var. terrestris and var. orientalis (Kern.) Beck (17) . the leaves are richest of biologically active substances (5) . the increased interest and the demand for products derived from this plant was the reason for this study. the purpose of the anatomical studies is to clarify the histological changes in the leaves, resulting from the effect of various abiotic factors, and to extend the systematic studies (20) . the study of the epidermal complex of the plants is directly related to the taxonomic status and the adaptive reactions of the species to different environmental conditions of habitat. the lack of information on the anatomical features of the leaf lamina of T. terrestris in Bulgaria in different populations determined the aim of this study.
Materials and Methods
the materials for the study were collected from natural populations of T. terrestris from the Thracian floristic region and tested by known methods of comparative anatomical study (11, 14) . the leaf samples were taken between the third and fourth internode during the flowering period in 2010. The epidermis and the cross-section were studied from the middle part of the lamina. Semi-stable microscopic preparations were made. For light microscopic examination Amplival microscope was used. the measurements were made with reed eyepiece-micrometer and the pictures were taken with digital light microscope Motic DMBA 210. the study included the basic epidermal cells, number and location of stomata in mm ², width and length of closing stomata cells in μm, stomata index in % (i=S/(S+e)*100, where S-stomata in mm², e-the basic epidermal cells). in cross section were measured the following indicators: height of epidermal cells in the upper (adaxial -ad) and lower (abaxial-ab) surface, thickness of cuticle, height of palisade and spongy mesophyll, total thickness of mesophyll in μm, degree in palisadity % (K=(PP/M)*100, where PPpalisade tissue thickness, M -thickness of mesophyll). the data were processed with the mathematical method of descriptive statistics, as the quantitative indicators included the arithmetic average ( ), coefficient of variation (S%), index max:min, average error (S %) (24) . For each indicator 50 measurements were made.
the materials for the study were from the following natural populations:
1 The variability of the studied traits was analyzed based on the coefficient of variation (S%) and the ratio of the maximum to the minimum values of individual indicators: S% -low up to 5%, average 5.1-15.0, increased from 15.1 to 25.0, strong over 25.1, max:min -low -up to 1.4, average 1.5 to 2.4, increased from 2.5 to 3.4, strong -over 3.5. the electron microscopic study (materials from Vedrare and Georgi Dobrevo) was conducted with scanning electron microscope JSeM -5510 (the Chemical Faculty of Sofia University) with gold coating in a vacuum -evaporator for 60 seconds in ionizing argon environment. the clamp holder for providing contact was made with silver paste.
results and discussion
the basic epidermal cells for the three studied populations are arranged disorderly. they are small, polygonal, with straight, slightly curved in the middle part ( fig. 1a, fig. 1b, fig. 2a,  fig. 2b, fig. 3a and fig. 3b ). on average their number per mm² for different origins varies from 1209.09 to 1796.97 for the upper epidermis and 939.39 to 2059.56 for the lower one. it is noteworthy that in the populations from Varvara ( fig. 2a,  fig. 2b ) they are apparently higher than in the plants from other origins and the amount per mm² is at least (1209.09 for the ad, 939.39 for the ab epidermis) (table 1). the smallest and largest number per mm² is observed in the populations of Vedrare (1796.97 ad and 2059.56 for ab). the variability of the quantity of the basic epidermal cells in the three populations ranges from low to increased. According to the index max:min, it ranges from weak to moderate for both the upper (1.35 to 1.70) and the lower epidermis (1.42 to 1.75). in respect to the variability coefficient the variation is moderate to high for Varvara (12.81 ad; 15.31 ab) and average for the other two populations (7.82 ad; 11.11 ab) (table 1). the measurements of the cross section showed that the height of the basic epidermal cells ranged from 14.58 to 19.91 for the ad and 15.08 to 22 for the ab surface. the highest average values were observed in the population from Varvara, and the lowest ones in that from G. Dobrevo (table 2) . cuticle in the three populations the leaf cuticle of the epidermis is well-developed on both sides. the thickness varies from 3.41 to 7.41 (for ad) and 4.58 to 7.08 (for ab). the mathematical processing of the data according to this indicator shows a high average percentage error due to variation in the reported values; therefore it is not a reliable indicator for comparison (table 2). Stomata the location of the stomata on both surfaces determines the leaf as amphistomatic. the study established that for the thracian floristic region the stomata are anomocytic (disorderly) type. the number of the supporting cells varies from 3 to 6, both in the adaxial and in the abaxial surface ( fig. 1a, fig. 1b, fig.  2a, fig. 2b, fig. 3a and fig. 3b) . the same type of stomatic apparatus has been reported by Metcalfe and chalk (12) fig. 4) fig. 5a, fig. 5b ). they are concentrated mainly along the mid vein and the edge of the lower lamina. the trichomes along the lower surface of the leaf are more and larger in size. A distinguishing feature is the presence of trichomes in the studied species. (fig. 6a, fig. 6b, fig. 6c ). this feature of the anatomical structure is determined by the environmental conditions in which the populations grow and is a reaction to preserve the water content of the leaves. this structure was observed in all three populations. The palisadity coefficient (the ratio of the two tissues in the mesophyll) varies from 33.12% (Varvara) to 30.34% (Georgi Dobrevo) ( fig. 4) . these values are indicative of a high degree of xeromorphity (6) . in the mesophyll tissues of the plants from the three populations were seen scattered idioblasts-crystal druses. conclusions the location of the palisade layer below the upper epidermis, often far from the bottom, defines the leaves as dorsoventral and equifacial. the presence of stomata on both surfaces and trichomes, thick cuticle, well-defined palisadity are indicators defining the anatomical structure as xeromorphic. It is influenced by the soil and climatic conditions. the study of three populations of Tribulus terrestris in different ecological niches of the Upper-Thracian floristic region showed varying degrees of variability, expressed by max:min and coefficient of variation. The highest total variability in both counts was observed in the population of Varvara. this region is typical for the presence of low air and ground moisture due to the so-called "shadow rainfall", scarce rainfall (19) and the specificity of the soil profile and the shallow soil-forming rock ( fig.1 ). The second position in the ranking of the variability is occupied by the population of Georgi Dobrev. The lowest variability was observed for the Vedrare population. 
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